The nucleus accumbens regulates goal-directed behaviors by integrating information from limbic structures and the prefrontal cortex. Here, we review recent studies in an attempt to provide an integrated view of the control of information processing in the nucleus accumbens in terms of the regulation of goal-directed behaviors and how disruption of these functions might underlie the pathological states in drug addiction and other psychiatric disorders. We propose a model that could account for the results of several studies investigating limbic-system interactions in the nucleus accumbens and their modulation by dopamine and provide testable hypotheses for how these might relate to the pathophysiology of major psychiatric disorders.
Introduction
The nucleus accumbens (NAcc) is a central component of the limbic system of the brain. This is based on its innervation by limbic structures, including excitatory afferents from the ventral hippocampus and the basolateral amygdala, and the medial prefrontal cortex (PFC) [1] . The NAcc integrates these limbic and cortical inputs and, in turn, projects to other basal ganglia nuclei including the ventral pallidum (VP) [1] , which, in turn, sends feedback projections into the PFC via the mediodorsal nucleus of the thalamus [2] . This anatomical organization places the NAcc as a site for integration of emotional salience and contextual constraints processed in the amygdala and hippocampus, respectively, and executive/motor plans from the PFC, with the output positioned toward controlling goal-directed behavior [3] . Here, we discuss the mechanisms of limbic and cortical input integration in the NAcc and their modulation by dopamine (DA) in the regulation of goal-directed behavior, and how disruptions in these systems could underlie psychiatric disorders.
Functional importance of the NAcc Involvement of the NAcc in diverse brain functions
The NAcc is thought to facilitate goal-directed behaviors by integrating information related to limbic drive and motor planning [3] . Nevertheless, the exact process by which the NAcc achieves this function is not yet clear, given that studies have revealed that the NAcc is involved in multiple distinct aspects of behavior. NAcc lesions cause disruptions of an array of cognitive and affective processes, including operant and emotional learning, response inhibition and behavioral flexibility [4] [5] [6] . Electrophysiological studies in awake animals also support a role for the NAcc in these multiple functions [7, 8] . Such a diverse array of functional involvements might derive from the integration of inputs from multiple brain regions within the distinct subdivisions that comprise the NAcc. Therefore, the balance of drives from limbic, thalamic and cortical inputs might determine how the output guides behaviors with respect to specific aspects of cognitive and affective functions. Such input interaction could be the basis of ensemble information processing [9] in the NAcc (Figure 1) . Indeed, electrophysiological recordings from multiple neurons simultaneously in behaving animals has shown correlated spike firing in sets of neurons of the NAcc [7] that might reflect such ensemble-related activity.
The mechanisms of synaptic input integration Anatomical and electrophysiological studies have shown that afferents from the PFC and limbic systems converge onto single NAcc projection neurons [10, 11] , indicating that limbic and cortical information integration is processed at the level of single neurons. In vivo intracellular recordings from NAcc projection neurons in anesthetized animals reveal that these neurons exhibit robust membrane-potential shifts between a hyperpolarized resting membrane potential (DOWN state) and periodical plateau depolarizations (UP states) [10, 12] . UP states in NAcc neurons are driven by a barrage of excitatory synaptic inputs from the hippocampus, given that electrical stimulation of the hippocampal afferents within the fimbriafornix can evoke transitions to the UP state, whereas inactivation of this fiber system eliminates UP transitions [10] . Moreover, population activity of the hippocampus is tightly correlated with NAcc membrane-potential dynamics, which are reflected as synchronization of UP transitions among a population of NAcc neurons, whereas synchronization between the NAcc membrane potentials and population activity in the PFC is comparatively weak [12, 13] . These observations indicate that limbic and cortical inputs might contribute to distinct aspects of NAcc neuron activity.
Although UP-state transitions are large in magnitude, often >20 mV, neurons infrequently fire spikes during these UP states, with the majority of UP states remaining sub-threshold to spike firing [12] . This is primarily because the resting membrane potential of NAcc neurons is very hyperpolarized (approximately ranging from À75 to À85 mV) [10, 12] , demonstrating the crucial nature of
